G protein has been known as a type-specific transmembrane G protein responsible for viral cell adhesion, entrance, and pathogenicity. [6] [7] [8] [9] The protein has five major neutralization sites (G1, G2, G3a, G3b, and G4) for immunoglobulin of the hosts and therefore, is capable to induce antibody secretion and protective humoral immunity. [6] [7] [8] [9] However, all immunogenic peptides (epitopes) of the G protein have not been clearly determined. Experimentally determined epitopes of the protein are demonstrated in Figure 1 .
The G1 site of the protein is placed on the outer side of the viral membrane and contacts with the host antibodies. [6, 7, 10] Yazdani et al. showed that a peptide (with 88 amino acid residues) of the G1 site could stimulate immune system and may be used for diagnostic ELISA kits. [11] Viro-immunoinformatics has been dramatically progressed to allow deep analysis of viral antigens, prediction of linear and conformational (discontinues) epitope and evaluation of immunogenicity and virulence of pathogens. Besides, using immunoinformatics methods, time and costs for designing 
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novel vaccines against existing viruses, kits, and related antibodies can be reduced. [12] [13] [14] methods
Retrieving of sequences
The complete sequence of the G protein from BEFV (strain AIW62182) was retrieved from the National Center for Biotechnology Information (NCBI) database as the reference sequence. Some other nonreference sequences were also retrieved from the database. All obtained sequences were aligned using ClustalW2 tool in T-coffee server. The aligned sequences were trimmed and analyzed by Bioedit software version 7.7.9 (mbio, Inc, North Carolina, USA).
Entropy plot, prediction of signal peptides, and transmembrane topology Basic Local Alignment Search Tool for proteins (Blastp) from NCBI was used to predict the protein domains based on homologous known proteins.
Trans-membrane topology was predicted through THMM (transmembrane helices prediction method based on a hidden Markov model) server and TopCons (consensus prediction of membrane protein topology) program.
Protein modeling
The structure of the G protein from BEFV was not available in the protein data bank (PDB); therefore, three-dimensional (3D) structure of the protein was modeled using Iterative Threading ASSEmbly Refinement (I-TASSER) server. The best models were selected, and energy minimized using the Groningen Molecular Simulation 96 (GROMOS96) method implementation of Swiss-PDB Viewer software (http://www. expasy.org/spdbv/). Rampage server was used to validate the predicted models. Two-dimensional (2D) structure of the protein was predicted through position-specific iterative-BLAST-based secondary structure Prediction server.
Prediction of conformational (discontinues) and linear B-cell epitopes
Discontinues B-cell epitopes were predicted by different servers including DiscoTope 2.0, ElliPro, and CBTOPE servers. Linear epitopes of the protein were determined employing "support vector machine by combining the tri-peptide similarity," ABCpred, Bepipred, Tongaonkar-Kolaskar Antigenicity, and Emini-Surface Accessibility-Prediction-Mapping tools. Subsequently, predicted discontinues and linear epitopes were exactly analyzed to find consensus immunogenic regions in the original protein.
Selection of consensus epitopes and epitope engineering
The predicted epitopes by all mentioned servers were investigated to find consensus linear and conformational epitopes of the protein. In addition, to achieve broader spectrum and immunogenic epitopes, some modification and replacements were done on the epitopes.
results and dIscussIon

Modeling, minimization, and validation of the protein structure
The model structure of the G protein is presented in Figure 2 . Considering the figure, the structure of the protein is composed of different secondary structures such as alpha-helix, turn, coil, and beta-turn. Results of secondary structure prediction showed that coils and beta strands are major 2D structures of the protein [ Figure 3 ]. In Figure 3 , feature predictions are color-coded onto the sequence.
Variation analysis and prediction of signal peptide and transmembrane topology of the protein
Variation analysis of 196 selected sequences of G protein showed that there is no considerable conserved region among the selected sequences [ Figure 4 ]. Therefore, there are concerns about the selection of only one strain to design global vaccine, since the protein of one isolate does not cause fully protection against other isolates. By analysis of variations among aligned sequences, near fine high variable regions (HVRs) were detected in 12 sites of the protein. Many variable and 
Signal peptide and transmembrane topology
Results of the signal peptide prediction showed that amino acids 1-25 can be considered as a signal peptide. Besides, results of transmembrane topology prediction showed that near 25 percent of the protein sequence is extracellular and consequently can expose to the host antibodies.
Prediction of B-cell epitopes and selection of consensus peptides
Results of B-cell epitope prediction are represented in Table 1 . The predicted epitopes (conformational and linear), structural information, and variation plot were employed to determine consensus antigenic regions of the G protein. Consequently, 
conclusIon
Results of the protein modeling showed that there are a large number of coils and protruded regions in the G protein that reflects high immunogenicity of the protein as it has been evaluated in previous studies. [15] Results of consensus epitope predictions represented that four novel epitopes including AA 67-74 , AA 132-149 , AA , and AA 315-456 can be reported. As it was mentioned afore, other predicted epitopes in this study were identified in previous studies. [9, 16] However, the epitopes identified in the current study was seen to have different start and end regions. The predicted epitopes can be experimentally tested as novel immunogenic peptide candidates for preventive and diagnostic purposes.
Prediction of vigorous peptides from antigenic proteins can provide more precise and helpful information before wet-laboratory experiments. [17] [18] [19] [20] Therefore, identifying the powerful immunogenic epitopes of antigens could assist in developing novel effective and safe peptide-based vaccines as well as improving immunodiagnostics methods for identification of photogenes.
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